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GAS TURBINE CAN ANNULAR COMBUSTOR 

This application claims the benefit of United States Provisional Application 
60/436,228 filed December 23, 2002. 

5 

FIELD OF THE INVENTION 

This invention relates to the field of gas turbine engines, and more particularly, to 
a can combustor for use in a gas turbine engine. 

10 BACKGROUND OF THE INVENTION 

Gas turbine engines are known to include a compressor for compressing air; a 
combustor for producing a hot gas by burning fuel in the presence of the compressed 
air produced by the compressor, and a turbine for expanding the hot gas to extract shaft 
power. The combustion process in many older gas turbine engines is dominated by 

15 diffusion flames burning at or near stoichiometric conditions with flame temperatures 
exceeding 3,000 °F. Such combustion will produce a high level of oxides of nitrogen 
(NOx). Current emissions regulations have greatly reduced the allowable levels of NOx 
emissions, requiring improvements in combustors to reduce undesirable NOx 
production. 

20 Gas turbine engines using annular combustion systems typically include a 

plurality of individual burners disposed in a ring about an axial centerline for providing a 
. mixture of fuel and air to an annular combustion chamber disposed upstream of the 
annular turbine inlet vanes. The combustion process of the several burners will interact 
in the combustion chamber since all burners discharge the combustible mixture to the 

25 single annulus. Consequently, combustion processes in one burner may affect the 
combustion processes in the other burners. Other gas turbines use can-annular 
combustors wherein individual burner cans feed hot combustion gas into respective 
individual portions of the arc of the turbine inlet vanes. Each can includes a plurality of 
main burners disposed in a ring around a central pilot burner, as illustrated in United 

30 States patent 6,082,1 1 1 . Can annular combustors are generally more expensive to 

fabricate as a result of the use of multiple burners within each of the multiple combustor 
cans which may include cross flame tubes connecting combustor baskets. 
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The demand to decrease exhaust emissions continues, thus improved 
techniques for economically controlling the combustion conditions of a gas turbine 
engine are needed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be more apparent from the following description in view of the 
drawings that show: 

FIG. 1 is an axial cross-sectional view of a gas turbine engine combustor as seen 
along the direction of flow through the combustor. 

FIG. 2 is a cut-away perspective view of the gas turbine engine combustor of 

FIG. 1. 

FIG. 3 is a plan view of a burner insert for a gas turbine engine combustor. 
FIG. 4 is a cross-sectional view of the burner insert of FIG. 2 as seen along plane 
4-4 of FIG. 3. 

FIG. 5 is a perspective view of an insert support for use with the burner insert of 

FIG. 3. 

FIG. 6 is a cross-sectional view of the insert support of FIG. 5 as seen along 
plane 6-6 of FIG. 5. 

FIG. 7 is a partial cross-sectional view of the gas turbine engine combustor of 

FIG. 1. 

FIG. 8 illustrates a combustion turbine engine including the combustor of FIG. 1 . 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 illustrates a cross section of an improved gas turbine engine featuring a 
combustor 10 having only one main burner 12. FIG. 2 is a cut-away perspective view of 
the can annular combustor 10 of FIG. 1. Generally, the combustor 10 includes a 
combustor basket 146, the single main burner 12 disposed within the basket 146, and a 
casing 40 surrounding and spaced away from the basket 146. The basket 146 may 
further include a downstream combustion chamber liner 32 and an upstream liner 
support 72. 

In conventional can annular gas turbine engine configurations, each combustor 
typically includes a plurality of main burners disposed in a ring around a pilot burner. 
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However, such can annular combustors are generally more complex and expensive to 
fabricate and maintain because of the use of multiple burners within each of the 
combustors. The inventors of the present invention have innovatively recognized that a 
single main burner 12, instead of a plurality of burners, can reduce the complexity and 
5 expense of fabricating a can annular combustor, while additionally providing reduced 
NOx emissions. 

In an aspect of the invention, the single main burner 12 includes a single main 
burner swirler 58. The main burner swirler 58 includes mixing vanes 60 having fuel 
injection openings 62 for providing a flow of a fuel/oxidizer mixture 22 into a combustion 

10 chamber 30. The combustion chamber 30 is defined by the combustion chamber liner 
32 positioned downstream of the main burner 12 and receives the fuel/oxidizer mixture 
22 from the main burner 12. The combustion chamber liner 32 has a larger inside 
diameter, D1, than a diameter, D2, of the outlet end 24 of the main burner 12, thereby 
forming an annular space between the main burner 12 and the combustion chamber 

15 liner 32. Each combustor 10 may also include a central pilot burner 26, wherein pilot 
fuel 74 may be premixed with an oxidizer, such as air, and passed through pilot mixing 
vanes 64 to provide a stable, low emission pilot flame near an outlet end 24 of the main 
burner 12. The central pilot burner 26 may be operated as a diffusion burner, a partially 
premixed burner, or a premixed burner. For example, the pilot burner 26 may be 

20 operated as a diffusion burner at low turbine load conditions, and operated as a premix 
burner at high turbine load conditions. 

The main burner 12 is positioned within the liner support 72. The liner support 72 
may be attached to the casing 40, for example, at an upstream end 142. The liner 
support 72 may include a number of spaced apart struts 102, so that a first portion of 

25 the oxidizer flow 1 8 can flow through the liner support 72 in a flow reversal region 118. 
The combustion chamber liner 32 may be attached to the liner support 72 with 
removable fasteners, for example, by bolting an upstream end 1 16 of the liner 32 to a 
downstream end 112 of the support 72, for ease of installation and removal. 

The combustion chamber liner 32 may further be provided with one or more 

30 resonators 70 for damping combustion pressure oscillations within the combustion 
chamber 32. For example, the resonator 70 may include a number of resonator 
openings 80 in the combustion chamber liner 32 in fluid communication with a resonator 
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cavity 82 positioned around an exterior portion of the combustion chamber liner 32. In 
another aspect, the resonator 70 may extend circumferentially around the combustion 
chamber liner 32 downstream of the outlet end 24. 

The combustor 10 of FIG. 1 may further include an oxidizer flow path 38 defined 
5 by the casing 40 disposed around and spaced away from the main burner 12 and the 
combustion chamber liner 32. The oxidizer flow path 38 is configured to receive an 
oxidizer flow 42, such as compressed air, at an upstream end 78 of the flow path 38 
and discharge a first portion of the oxidizer flow 1 8 into a flow reversing region 1 1 8 near 
an inlet end 20 of the main burner 12. Accordingly, in the flow reversing region 118, the 

10 first portion of the oxidizer flow 18 discharged from the flow path 38 is turned to flow in a 
direction 180 degrees opposite from a flow direction in the flow path 38. 

A fuel outlet 44, such as a fuel injection ring, or a "tophat" type fuel injector, as 
known in the art, may be positioned in the flow reversing region 1 18 for premixing a 
secondary fuel flow 46 into the oxidizer flow 42 before it is delivered to the main burner 

15 12. The fuel outlet 44 may include an annular ring having an inlet opening 84 for 
receiving the secondary fuel flow 46, and a plurality of outlet openings, for example, 
circumferentially distributed in the fuel outlet 44, for discharging the secondary fuel flow 
46 into the oxidizer flow 42. 

The inventors have discovered that positioning of the fuel outlet 44 in the flow 

20 reversing region 118 near the inlet end 20 of the main burner 12 provides a less 

restricted flow around the fuel outlet 44 than placing the fuel outlet 44, for example, near 
the upstream end 78 of the oxidizer flow path 38. This position advantageously results 
in a smaller pressure differential between the oxidizer flow 42 upstream of the fuel outlet 
44 and downstream of the fuel outlet 44 compared to a position of the fuel outlet 44 in 

25 an area of the flow path 38 having a smaller cross sectional area than the flow reversing 
region 118. Accordingly, positioning of the fuel outlet in the flow reversing region can 
minimize oxidizer flow 42 pressure build-up upstream of the fuel outlet 44. 

In an aspect of the invention, an essentially flat (i.e. perpendicular to the axial 
direction of airflow) burner insert assembly 88 is provided at the outlet end 24 of the 

30 main burner 12 to prevent the oxidizer flow 38 from bypassing the main 12 burner. The 
flat geometry of the burner insert assembly 88 provides an abrupt diameter change from 
the outlet end 24 of the main burner 12 to the combustion chamber 30, which causes a 
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flow vortex 76 just downstream of the burner insert assembly 88 within the combustion 
chamber 30. The flow vortex 76 promotes mixing and appears to improve combustion 
performance. The inventors have experimentally determined that the flat geometry of 
the burner insert assembly 88 advantageously provides reduced NOx formation 
5 compared to other geometries, such as a tapered shape. 

In one form, the burner insert assembly 88 may be constructed of two portions - 
an annular burner insert 34 having a hot side surface 36 that is exposed to the hot 
combustion gas, and a burner insert support 48 that is protected from the hot 
combustion products produced in the combustion chamber 30. FIG. 3 is a plan view of 

10 one such burner insert 34 and FIG. 4 is a cross-sectional view of the same insert as 
seen along plane 4-4 of FIG. 3. The insert 34 of FIGs. 3 and 4 is supported in position 
in a gas turbine combustor 10 by the insert support 48 illustrated in FIG. 5. The insert 
34 is a relatively simple geometry that can be relatively inexpensive to manufacture. 
The insert 34 is easily removed from the insert support 48 and replaced in the event of 

15 combustion-induced damage or wear with minimal disassembly of the combustor 1 0. In 
particular, if the liner 32 is bolted to the liner support 72, no welding needs to be broken 
to replace the insert 34. The insert support 48 is protected from the combustion 
environment by the burner insert 34. The insert support 48 is designed for an extended 
period of operation without the need for replacement. The insert support 48 may be a 

20 relatively expensive component to manufacture because it utilizes cast shapes and 
extensive machining. The insert 34 and the insert support 48 may be formed of 
different materials in order to optimize the value of the respective component. Thus, it 
is only the inexpensive, easily removable component, the burner insert 34 that is 
exposed to the combustion environment. 

25 The burner insert 34 may be formed from a heat resistant material alloy, such as 

Hastelloy® (a registered trademark of Haynes International, Incorporated) or other high 
temperature nickel-based or cobalt-based alloy, and the hot side surface 36 may be 
coated with a heat resistant material such as a thermal barrier coating (TBC) to 
withstand hot combustion products in the combustion chamber 30. In one aspect, the 

30 TBC may be about 1 .6 mm thick. The burner insert 34 may have a generally "J" shaped 
cross-section 90 forming a circumferential mounting lip 92 for attaching the burner insert 
34 to the support 48. The outside diameter, D3, of the burner insert 34 may be slightly 
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smaller than the inside diameter D1 of the combustion chamber liner 32 so that a 
second portion of the oxidizer flow 42 can flow into the combustion chamber 30 around 
the burner insert 34. For example, D3 may be about 0.4 millimeters (0.016 inches) less 
than D1 . The burner insert 34 may also include a number of raised spacing tabs 94 

5 extending a radial distance further than the outside diameter, D3, of the burner insert 
34, and spaced apart around the outer periphery 1 1 0 of the burner insert 34 for keeping 
the burner insert spaced away from the inside diameter, D1 , of the combustion chamber 
liner 32. For example, each spacing tab 94 may extend a radial distance of 0.2 
millimeters (0.008 inches) further than D3. 

10 The burner insert support 48, depicted in FIGs. 5 and 6, supports the burner 

insert 34 by receiving the mounting lip 92 of the burner insert 34 in a mounting recess 
96 formed in the burner insert support 48. In an embodiment, the burner insert support 
48 may be constructed of two portions, connectable, for example, along section line 6-6, 
so that the burner insert support 48 can be easily disassembled for removal and 

15 replacement of the burner insert 34. Each portion may include a connection seal recess 
144 for accepting a seal (not shown) for sealing between mating surfaces where the two 
portions are joined. The burner insert support 48 may also include a seal recess 98 for 
receiving a seal 100 to seal around the main burner 12 as shown in FIG. 1 . To provide 
cooling for the burner insert 34, the burner insert support may include a number of 

20 cooling passages 50 oriented parallel with a direction of axial flow and spaced around 
the periphery 1 10 of the insert support 48 for conveying a second portion of the oxidizer 
flow 52. 

The insert support 48 may further include an impingement plate 54 as shown in 
FIG. 6. The impingement plate 54 includes impingement cooling holes 56 for allowing 

25 passage of the second portion of the oxidizer flow 52 therethrough to provide 

impingement cooling of the burner insert 34. The impingement plate 54 is attached, for 
example, by welding, to the downstream face 104 of the insert support 48, and may be 
spaced away from the insert support 48 to form an impingement cooling plenum 106 
between the impingement plate 54 and the downstream face 104 of the burner insert 

30 support 48. Accordingly, the second portion of the oxidizer flow 52 may pass through 
the internal cooling passages 50 of the insert support 48 into the impingement cooling 
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plenum 106, and then through the impingement cooling holes 56 to impinge upon an 
upstream face 68 of the burner insert 34 to cool the insert 34. 

FIG. 7 is a partial cross-sectional view of the combustor of FIG. 1 showing details 
of the burner insert assembly 88 and oxidizer flows 42, 52, 66 in the vicinity of the 

5 burner insert assembly 88. As shown in FIG. 7, the burner insert assembly 88 may be 
installed around the main burner 12 with a seal 100, such as a split ring, positioned in 
the seal recess 98 to seal against the main burner 12 and prevent the second portion of 
the oxidizer flow 52 from flowing between the main burner 12 and the burner insert 
assembly 88. The mounting lip 92 of the burner insert 34 is supported by the burner 

1 0 insert support 48 in the mounting recess 96. Near the periphery 1 1 0 of the burner insert 
34, standoff tabs 108 may be provided at a downstream end 1 12 of the liner support 72 
to further support the burner insert 34 and maintain a gap between an upstream face 68 
of the burner insert 34 for impingement cooling. In an aspect, the standoff tabs 108 are 
spaced apart to allow the second portion of the oxidizer flow 52 that has impinged on 

15 the burner insert 34 to flow between the downstream end 1 1 2 of the liner support 72 
and the upstream face 68 of the burner insert 34. For example, the standoff tabs 108 
may be circumferentially spaced apart around the downstream end 112 of the liner 
support 72 so that the standoff 108 tabs support the burner insert 34, and spaces 
between the standoff tabs 108 allow passage of the second portion of the oxidizer flow 

20 52. The second portion of the oxidizer flow 52 can then flow past the downstream end 
112 of the liner support and between the spacing tabs 94 formed in the periphery 1 10 of 
the burner insert 34 into the combustion chamber 30 near the upstream end of the 
combustion chamber liner 32. For example, about 0.3% of the oxidizer flow 42 
provided to the combustor 10 may be used in the second portion of the oxidizer flow 52. 

25 Experimental tests have demonstrated that this second portion of the oxidizer flow 52 
flowing into the combustion chamber 30 appears to help suppress NOx emissions. 

The combustor 10 may further feature passageways 114, such as combustor 
liner openings, in the upstream end 1 16 of the combustion chamber liner 32 near the 
periphery 1 10 of the burner insert 34 for allowing passage of a third portion of the 

30 oxidizer flow 66 into the combustion chamber 30. For example, the passageways 114 
may be distributed uniformly around the combustion chamber liner 32 near the burner 
insert 34, or at different distances apart. The passageways 114 may be sized, shaped, 
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and angled to provide a desired flow path through the combustion chamber liner 32 into 
the combustion chamber 30. Accordingly, the passageways 114 may be configured so 
that the third portion of the oxidizer flow 66 flowing through the passageways 1 14 is 
about 2.0% of the oxidizer flow 42 provided to the combustor 10. Experimental tests 
5 have demonstrated that this third portion of the oxidizer flow 66 flowing into the 

combustion chamber 30 appears to reduce emissions of NOx during the combustion 
process due, it is believed, to improved dynamic pressure stability. 

FIG. 8 illustrates a gas turbine engine 120 featuring the combustor 10 as 
described above. The gas turbine engine includes a compressor 122 for receiving a 

10 flow of filtered ambient air 124 and for producing a flow of compressed air 126. The 
compressed air 126 is mixed with a flow of a combustible fuel 130, such as natural gas 
or fuel oil for example, provided by a fuel source 128, to create a fuel-oxidizer mixture 
flow 132 prior to introduction into the combustor 10. The fuel-oxidizer mixture flow 132 
is combusted in the combustor 10 to create a hot combustion gas 136. 

15 A turbine 136, receives the hot combustion gas 134, where it is expanded to 

extract mechanical shaft power. In one embodiment, a common shaft 138 interconnects 
the turbine 136 with the compressor 122, as well as an electrical generator (not shown) 
to provide mechanical power for compressing the ambient air 124 and for producing 
electrical power, respectively. The expanded combustion gas 140 may be exhausted 

20 directly to the atmosphere or it may be routed through additional heat recovery systems 
(not shown). The gas turbine engine 10 provides improved manufacturing, 
maintainability and, reduced NOx formation as a result of features of the combustor 10 
described above and shown more clearly in FIGs. 1-7. 

While the preferred embodiments of the present invention have been shown and 

25 described herein, it will be obvious that such embodiments are provided by way of 
example only. Numerous variations, changes and substitutions will occur to those of 
skill in the art without departing from the invention herein. Accordingly, it is intended 
that the invention be limited only by the spirit and scope of the appended claims. 


